Wave separation is a major issue in seismic signal processing. In multi-component acquisition, polarization parameters must be used to separate efficiently different wave fields. Recently, several techniques such as oblique polarization filter have been devoted to this goal. This efficient technique has a crucial problem. It requires as a first step processing, the estimation of the polarization on a time window where waves do not overlap in time.
Introduction
Polarization is an essential parameter in multi-component seismic signal processing. This paper introduces a new representation of the polarization between two components in the time-scale plane. Many separation methods are available depending of the situation (Mari et al., 1999) . We will present how the use of the time scale representation increases the efficiency of the algorithm of the oblique polarization filter introduced by . Using basic transformations such as phase shifts, rotations and amplifications, this algorithm can separate two waves having different polarizations. As a time window where waves are not overlapped is required to estimate separately polarization, the oblique polarization filter is not always useful. The innovation in our technique consists in using the continuous wavelet transform to obtain a better information on the polarization parameter due to the fact that we exploit the time-scale plane. In the seismic literature, Becquey et al in (1996) used some properties of the time-scale plane to build a polarization filter in a different way, but the idea of using the fine properties of the time-scale plane to decompose non stationary signals came from the reading of Kumar in (1997) .
We present firstly the modelisation of the data, followed by a short recall on the continuous wavelet transform. Then, the algorithm is presented and illustrated on two synthetic chirps. Finally, it is tested and validated on a real seismic data set.
Methodology
We consider waves propagating in different directions and recorded by a two components (2C) sensor array. It leads to record two signals: s h and sv. If one single wave is recorded, making the standard assumptions (plane wave, band limited spectrum, constant polarization over the bandwidth, and statistical independence of the source signal, see (Anderson and Nehorai, 1996) ), the recorded signal can be modeled by:
where ρ and θ determinate the polarization state and can respectively be assimilated to the modulus ratio and the phase shift of the wave recorded by the two components. z(t) is the analytic signal (of the wave) received by the horizontal sensor.
When two waves with two different polarizations are recorded, it is possible to isolate each wave on each component s h and s v by oblique filter polarization . This filtering is performed by a combination of phase shifts, rotations and scalar amplifications. The crucial issue is the estimation of the polarization state (ρ and θ) of both waves. It is usually done by choosing a convenient time window where the waves do not overlap in time. This crucial step can be very difficult, or even impossible when waves appear in the same time interval. To solve this problem, we propose to represent the signal in the time-scale plane in order to estimate the polarization on a time-scale region rather than on a time window.
Wavelet transform
The Continuous Wavelet Transform (CWT) has shown good properties for the representation of seismic signals in the time-scale plane (Chakraborty and Okaya, 1995) . It has a good time resolution for high frequency components, and a good frequency resolution for low frequencies. This enables a fine detection of the waves present in the signal. It also allows many kind of processing (Kumar and Foufoula-Georgiou, 1997; Deighan and Watts, 1997; Nguyen and Mars, 1999; Roueff et al., 2001) . The CWT of a signal s at scale a and time b is given by:
function ψ is called the "mother wavelet". It is a bandpass filter which characterizes the time-scale resolution. Morlet's wavelet is often used due to its properties: good localization (exponential decay in time and in frequency), and symmetry (no distortion). Besides, we use the analytic wavelet in order to separate the phase information from the energy information (respectively given by the module and the phase of the coefficient). To illustrate the algorithm, the case of two crossing chirps recorded by a 2C sensor is considered. Each component (horizontal s h and vertical sv) is the sum of the two chirps with elliptic polarization. Both traces s h and sv are respectively represented on figures 1(a) and (b). The modules of the corresponding continuous wavelet transforms are also represented figures 1(c) and (d). It gives an a priori information on the localization of existing waves on the time-scale plane. Note that, both chirps can be recognized (edge presented in dashed line). But since the corresponding patterns overlap on the time-scale plane, they cannot be totally separated, neither by a time filter, nor by a frequency filter, nor even by a time-scale filter. Nevertheless, the polarization can be estimated in the area where one of the chirp has low energy compared to the other (for example at the four corners).
Study of the cross scalogram phase
In order to estimate each chirp, we use the phase between the wavelet coefficients of each component ( figure 2(a) ). This can be seen as the phase of the cross scalogram:
where * stands for complex conjugate. The interference area is now detected by evaluating the local variance (for each pixel), using a 5x5 filtering window. Figure 2(b) shows the result of this filter. The interferences regions appear in red (high variance), whereas low interference are in blue (small variance).
At this step, using the module, the phase and the interference images, we have an understanding of the distribution of the energy. At this step, we know a priori where to find some non interfering isolated wave regions. In the next section those regions will be used to estimate the polarization.
Separation of the two chirps
In our synthetic example, classical oblique polarization filter as designed by ) cannot be used because it is impossible to find a time window enabling a good estimation of the polarization (of one single chirp) because both waves are present in the same time interval (see figure 3(a) ). To tackle this problem, we select the region on the time-scale image corresponding to one single chirp with no interference (region noted A on figure 2(b)). figure 2 (a) ) on s h leads directly to linearized polarization. Followed by a rotation, it allows to project wave on one component ( figure 3(c) ).
For the second chirp, we select the region noted B on figure 2(b). In figure 3(d) blue dots correspond to the coefficients of the previous waves (region A), and the red dots correspond to the ones in B. Then, using similar technique, phase shift gives a linear polarization for the region B on the other component. A rotation is needed to make both waves projected on both components. This lead to figure 3(e) where both chirps are linearly polarized on the component, but not orthogonal. Finally one of the components is amplified to make both waves orthogonal. At the end, a rotation isolates each chirp on a different component ( figure 3 (f) ). 
RESULTS ON REAL DATA
The method is now tested and validated on real data. Figures 5 (a) and (b) represent an initial 2C profile. It shows an energetic dispersive wave. Those data are difficult to separate by classical filters such as f-k, SVD or τ -p (Mari et al., 1999 ) because this wave is dispersed along the different sensors. To process those data, we focused on one trace (15). Figures 6(a) and (b) present the two components in the time-scale plane. The phase and variance images are presented figure 6(c) and (d). We considered two regions (A and B represented on figure 6 ) A corresponds to the main energetic wave alone, and B corresponds to the wave detected on the module image. According to the variance image, there are no interferences in those labeled regions.
Figures 6(e) and (f) present the module image of each component at the output of the filter. In figure 6 (e), the hidden wave (B) has been totally removed. No small wave interferes anymore with the energetic one. In figure 6 (f), the small wave still interferes with the other small waves, but the energetic one (A) has been totally removed. Since the energetic wave is now isolated on the time-scale plane, it can be extracted by a time-scale filtering (see (Roueff et al., 2001) ).
Since the polarization parameters are almost constant over the whole profile, the same rotation, phase shift, have been applied to all traces. It leads to isolate two waves on each component. By nulling one component and inverting the filter, each wave can be re-projected in its initial configuration. Figure 5 (c) and (d) present the highly energetic wave on each component, and on 5(e) and (f) the other small waves. Many new propagations that were not visible before, can now be seen easily.
Proposed process can also be seen as a pre-processing before a time-scale filtering detailed in (Roueff et al., 2001) . Actually, by separating A from B on the image 6, we enabled a time-scale filtering because, now, the pattern of wave A and wave B do not overlap anymore. Figure 7 presents the results for four extracted waves. This method gives good results compared with others methods (SVD, FK filter, ...).
CONCLUSION AND PERSPECTIVES
In this paper, we use the time-scale plane to compute polarization parameters required to separate wave fields. 
